The activity of ketoconazole against Candida albicans in Sabouraud glucose medium was markedly influenced by pH. Minimum inhibitory concentrations of this imidazole against both a standard strain and clinical isolates ranged from 40 ,ug/ml at pH 3 to 0.02 ,g/ml at pH 7, a greater than 1,000-fold difference.
Ketoconazole (KCZ), cis-1-acetyl-4-[4-[2-(2,4-dichlorophenyl-2-(1H-imidazol-1-ylmethyl)-1,3 -dioxolan -4 -yl]methoxy]phenyl]piperazine, has displayed significant activity against a broad range of superficial and systemic infections caused by pathogenic yeasts, dermatophytes, and filamentous fungi, including Candida albicans, when administered by the oral route (9, 10). The high activity of KCZ against cutaneous candidiasis, vaginal candidiasis, and other infections (5, 7, 8) is in striking contrast to its low activity against C. albicans in vitro (2) . It has been suggested (1) give final concentrations ranging from 80 to 0.01 ,ug/ml (final dimethyl sulfoxide concentration, 1%).
The inoculum was prepared from an 18-h broth culture of the organism in SGB at 37°C. The cells were counted in a Neubauer hemacytometer (Erma Optical Works, Tokyo, Japan), and the cell number was adjusted to 106 colony-forming units (CFU) per ml for each experiment. One loopful (ca. 104 CFU) of the adjusted inoculum was applied to each agar plate with a replicator (Muto Kikaiten Co., Ltd., Tokyo, Japan).
The MIC was the lowest concentration of KCZ that prevented visible growth on inoculated plates incubated at 37°C for 1, 2, 3, 7, and 14 days.
Growth curves. The killing kinetics of KCZ were determined in unbuffered (initial pH, 5.3) or buffered (pH 5 and 7) SGB containing 10-fold serial dilutions of the drug. After inoculation of C. albicans B-2630 (ca. 1.07 x 106 CFU/ml), the culture was incubated without shaking at 37°C. At various time intervals, 0.5 ml of culture broth was removed for measurement of CFU by the plate-count method.
RESULTS
Effect of C. albicans growth on pH of medium. The pH of the Sabouraud medium decreased significantly during growth of C. albicans B-2630 in unbuffered SGB (Fig. 1) . The rate of pH reduction was influenced by inoculum size; however, even an inoculum of 102 cells per ml led to a reduction to pH 3.8 within 48 h.
Effect of pH of medium on MIC. The MICs of KCZ for C. albicans B-2630 in unbuffered and buffered SGA at various incubation intervals are shown in Table 1 . In unbuffered SGA, the MIC of KCZ was 40 ,ug/ml from day 1 to day 14 of incubation. This value was approached in SGA buffered at pH 3. MICs decreased progressively with an increase in the pH of the medium, reaching 0.01 to 0.02 ,ug/ml at pH 7 and 8. The time of incubation did not significantly influence the MIC at any pH. Only a slight inhibition of growth was observed in unbuffered SGB medium in the presence of 0.5 and 5 ag of KCZ per ml (Fig. 2) (Table 3) . DISCUSSION The effects of pH on the antifungal activities of the imidazoles clotrimazole, miconazole, and econazole have been reported previously (3, 6, 11) . Although the activity of each imidazole derivative depends upon the pH, the activity of KCZ was affected far more than that ofthe other imidazoles. The antifungal activity of KCZ was augmented more than 1,000-fold with an increase of pH from 3 to 7 (Table 1) .
Borgers (1) showed that in vitro activity of KCZ was enhanced by the addition of serum to Eagle minimal essential medium. He suggested that the in vitro activities obtained with C. albicans cultured in Eagle imal essential If the pKai value of KCZ was assumed to be 3.0, the piperazine base of KCZ was seldom protonated at pH values greater than 5 (Table 3) . On the other hand, the imidazole base of KCZ was seldom protonated at pH values greater than 8.5. Since the decrease of piperazine base protonation with the increase of pH correlated with the lowering of the MIC, it is possible that the bThe MIC (20 ,ug/ml) at pH 3 was divided by the ratio of a at pH 3 to a at each pH.
I Read at day 2 in buffered medium at each pH.
activity of KCZ was affected by the reduction of the piperazine base protonation rate but was not affected by changes in the imidazole base protonation rate.
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